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PREDICTED CHEMICAL EVOLUTION FOR SPIRAL DISKS FROM THEIR 

OBSERVED ROTATION CURVES 

M. Molla,! and I. Marquez^ 
RESUMEN 

Las curvas de rotacion observadas por Marquez et al.(2002) para una muestra de 67 galaxias espirales ban sido 
usadas como entrada del modelo de evolucion quimica multifase. Utilizando N[II]/Halfa como estimador de la 
abundancia de oxigeno, podemos limitar los posibles modelos para cada galaxia. Podemos, por tanto, predecir 
la evolucion temporal de estas galaxias y las distribuciones radiales de densidad superficial de gas, estrellas, y 
tasa de formacion estelar y abundancias elementales para el momento actual. 

ABSTRACT 

The rotation curves for a sample of 67 spiral galaxies observed by Marquez et al.(2002) have been used as input 
for the multiphase chemical evolution model. By using N[II]/Halfa as estimator of the oxygen abundance, we 
constraint the possible models for each galaxy. We may, then, predict the time evolution of these galaxies 
and the present time radial distribution for gas, stars, and star formation rate surface densities and elemental 
abundances. 
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1. INTRODUCTION 

Chemical evolution models are usually applied to 
our Galaxy, for which a large number of observations 
is available. These models may also be applied to 
other spiral galaxies (MoUa et al. 1996; 1999) for 
which observational data there exist. They are very 
useful to determine the star formation history of the 
modeled galaxies. 

We have applied the multiphase chemical evo- 
lution model (Fcrrini et al. 1992) to a sample of 
67 galaxies for which the rotation curve, a neces- 
sary input for computing the model, and the estima- 
tor N[II]/Hq!, (which will be used as observational 
constraint) have been measured in Marquez et al. 
(2002) . In this paper we show results for 6 of these 
galaxies, but see MoUa & Marquez (in preparation) 
for details about models for the whole sample. 

2. COMPUTED MODELS 

We use the cited measured rotation curves 
to calculate the total mass radial distribution in 
each galaxy with the classical equation: M(i?) = 
2.^210^ R.V(Rf. These distributions, inputs of the 
multiphase chemical evolution models, are shown in 
Fig-D first row, for 6 selected galaxies. This mass is 
assumed to be gas at the initial time which will in- 
fall into the equatorial plane and forms out the disk. 
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The collapse time scale of this gas infall is defined 
by the total mass existing within each region. 

Then, molecular clouds form from the diffuse gas 
and stars form from the cloud-cloud collisions. Both 
formation process rates are determined by the cor- 
responding efficiencies or probability factors which 
depends on environmental effects . As they are not 
well known these efficiencies are free parameters and 
variable for each galaxy. Once computed the mod- 
els, we obtain the radial distributions of abundances 
which must be compared with observational data in 
order to select the best one. The final values of effi- 
ciencies will be those for which the abundances are 
well reproduced. 

The oxygen abundances are estimated by using 
the empirical relations given as a function of the pa- 
rameter N2 = \og{N[II]/Ha) by Van Zee et al. 
(1998,VZEE), Raimann et al.(2000,RAI) and Deni- 
colo et al. (2002, DEN), respectively: 

12 + log{0/H) = 9M + 1.02N2 

12 + log{0/H) = 8.89(±0.07) -h 0.53(±0.06)A^2 

12 + log{0 1 H) = 9.12(±0.05) -h0.73(±0.10)^2 

3. RESULTS 

The radial distributions of oxygen abundances 
which best reproduce the data are shown in Fig. ^ 
second row, by a solid line which is joining the mod- 
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Fig. 1. Multiphase chemical evolution model results for 6 galaxies named in top panels: a) The total mass computed 
from the rotation curve, in the first row; b) The oxygen abundance 12 + log{0/ H) in the second row; Data - VZEE 
(dots), RAI (triangles) and DEN (squares) - are shown as filled symbols, c) The predicted surface density of diffuse 
gas, aHi{MQpc~^), in the third row; and d) The predicted star formation history and age-metallicity characteristic of 
each galaxy in the bottom row. 



eled radial regions, represented by x , for our 6 galax- 
ies. The data are the filled symbols. ^ 

Model results are good in most of galaxies, the ra- 
dial trend being in agreement with the observations. 
It is clear that radial gradients are systematically 
steeper for the less massive galaxies and that inner 
regions usually show a flatter radial gradient than 
the observed for the whole disk. 

Two correlations appear among the characteristic 
oxygen abundance of a galaxy and its radial gradient 
and the mass of the galaxy and/or the morphological 
type T. However, the correlations with the rotation 
velocity are stronger while the morphological type 
dependence appears as secondary. 

Once obtained the model able to reproduce the 
data for each galaxy, we may consider the time evolu- 
tion and the present time results given by this model 
as representative of each galaxy. 



^Open dots of the same symbols are the values for which 
the uncertainty in Hct is large, which is considered when Ha < 
10). 



Thus, in Fig. third row, we represent the dif- 
fuse gas surface density radial distributions for the 
same galaxies, which we consider as model predic- 
tions. They show a maximum along the galactocen- 
tric radius. Larger the rotation velocity, larger the 
radius where it appears. 

In the last row of Fig. the predicted star for- 
mation history (solid line) and the age-metallicity 
relation (dotted line) are shown for a radial region 
given in each panel, characteristic of each galaxy and 
equivalent to the Solar Vicinity. The star formation 
is biased toward early times for the more massive 
galaxies, while it occurs later for the lowest mass 
and latest type ones 

4. CONCLUSIONS 

The chemical evolution models show to be a very 
useful tool to estimate, in a one to one basis, the 
actual evolutionary track of a spiral disk, allowing 
to estimate the star formation history and the age- 
metallicity relation. 

The multiphase model may be easily applied to 
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a large number of galaxies. This allows to perform 
statistical studies and the relation among the chem- 
ical features and on other galactic characteristics as 
the Hubble type or the total mass. 

The most important conclusion is that the char- 
acteristic abundance of a spiral disk as its radial 
gradient of oxygen results to be clearly dependent 
on rotation velocity. This dependence is stronger 
than the corresponding one with the morphologi- 
cal type. This last correlation also there exists (al- 
though shows a larger dispersion), probably as a con- 
sequence of other already known trend: the morpho- 
logical type of spirals correlates with the rotation 
velocity having the less massive ones the latest mor- 
phological types. 

The total mass, through its rotation velocity, ap- 
pears, therefore, as the very conductor of the evolu- 
tion in the spiral disks. 
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